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Motivation

Time patterns of human activity:
Human behavior is expected to be heterogeneous
Are there some underlying common patterns (e.g. in the
inter-event or waiting times)?
Several studies report heavy tailed distributions
What form have such homogeneous patterns?

Controversy: Power-law or log-normal?

e.g. Waiting time in e-mail (one-to-one) communication
Barabasi, 2005 vs. Stouffer et al. 2006

And many-to-many communication?
We analyze online debates on Slashdot (www.slashdot.org)
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Slashdot: Start Page

Facts about Slashdot:
tech-news website
created 1997
allows comments
to short news posts
during ≈ 14 days
moderation system
ensures quality of
communication
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Example of a post with comments  post



comments
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Data collected

Period covered:
We collected the data of one year of debates on Slashdot
Time-span: August 26th 2005 − August 31st 2006.

Data contains:

≈ 104 Posts
≈ 2 · 106 Comments
≈ 105 Commentators
18.6% Anonym. comments

← number of com. per post
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Post Comment Interval (PCI)
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PCI-Distribution of a single post

How many new comments receives a post after x minutes?
Or: Probability of receiving a comment at time x?
Approximately given by a log-normal distribution (LN)
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Cumulative PCI-Distribution of a single post

How good is the approximation?

Fluctuations averaged out in cumulative distribution (cdf)
⇓

Quality of approximation becomes better visible.
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Comparison with one-to-one communication

Similar patterns:
Left figure: Response time of a single user to e-mails

(Stouffer et al. 2006)
Right figure: Response time to a news-post on Slashdot

u = ln(time)
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Log-normal distribution of PCI: more examples

2 more examples:
Left figure: Low number of comments

Right figure: Late Post⇒ Bad fit
Caused by circadian rhythm?
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Daily and Weekly Activity cycle

Activity peaks during working hours

Does it influence the log-normal behavior?

Weekly cycle Daily cycle (EDT = GMT− 4h)
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Approximation Error

Circadian cycle influences log-normal behavior
Error ε = mean distance between LN-approx. and data
Quality of LN-approx. depends on publishing-hour of post
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Number of comments per user I

We analyze:
How heterogeneous is the population?
How many comments do the users write?

dots: data
dashed: power-law

continuous: truncated log-normal

Question
Log-normal or power-law?
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Number of comments per user II

Cumulative distribution gives the answer

KS-test forces to reject power-law hypothesis
LN-approximation can characterize entire dataset
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Temporal patterns of single users I

Change of focus

So far: post-comment intervals (PCIs) of single posts
Now: PCIs of single user’s comments (to several posts)

Analysis of activity of the two most active users
Contributions of the two most active users

user1 user2
commented posts 1189 1306
comments 3642 3350

Both users comment ≈ 10% of all posts.
≈ 3 comments per post
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Temporal patterns of single users II

PCIs of single users

Daily and weekly activity patterns are quite different.
Nevertheless PCI-distribution resembles a LN.

Circadian rhythm more
pronounced in user2

⇓
Bumps in PCI after 8 and 16h
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Conclusions
Activity on Slashdot shows homogeneous patterns.
Patterns fit log-normal distributions.
Circadian cycle influences the quality of the fit.
Power-law models cannot explain the data.

Outlook
Similar results are found in other datasets

⇓
Need for model to explain LN-patterns.
Use results for prediction of expected user activity?
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Some Formulas

Log-Normal Density

f (x ;µ, σ) =
1

xσ
√

2π
exp

(
−(ln(x)− µ)2

2σ2

)

Approximation Error ε

T: Set of time-bins where a post receives a comment
T : The cardinality of T

f (t): Function approximating g(t) (defined for all t ∈ T)

Error of f (t): ε =
1
T

∑
t∈T
|f (t)− g(t)|
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